Introduction {#s1}
============

Transportation, often considered one of the main causes of stress, represents a variety of physical and psychological stimuli that disrupt homeostasis and metabolism in animals \[[@r12], [@r30]\]. It has been shown to be stressful for many domestic animal species \[[@r6], [@r14], [@r16], [@r29]\] influencing physiological and hematological parameters \[[@r1], [@r3], [@r4]\], the mobilization of energy and protein metabolism \[[@r5]\], the activity of enzymes and hormones \[[@r1], [@r33]\] and the changes in the immune system \[[@r10]\]. Signals originating from stresses like transportation are transmitted to the hypothalamus in the brain, activating the hypothalamic-pituitary-adrenal and sympathoadrenal axes, which lead to release of glucocorticoids and catecholamines, respectively, that, through the induction of proinflammatory cytokines by macrophages and lymphocytes, promote the production of acute phase proteins (APPs) in hepatocytes, thereby augmenting peripheral APP levels in stressed animals \[[@r24]\]. Moreover, it is known that a stressful condition leads to the imbalance between oxidants and antioxidants in favor of oxidants at the cellular or individual level \[[@r19], [@r28]\]. The alteration of the oxidative balance, if not adequately restored by the antioxidant barrier, induces oxidative stress that causes cellular damage \[[@r28], [@r35]\], which makes the organism sensitive to serious degenerative diseases \[[@r23]\]. Although the linkage between transportation stress and variations in APP and oxidative balance is clear \[[@r25], [@r34]\], very little scientific research has been done on the influence of transportation in dogs \[[@r3], [@r27]\] in fact, canine health and welfare have been evaluated only through physiology and behavior \[[@r3], [@r36]\] and housing conditions \[[@r2]\], and there are no data available regarding the response of APPs and oxidative parameters. APPs are a group of negative and positive proteins whose serum concentrations decrease or increase, respectively, in response to challenge \[[@r11], [@r15]\]. In the dog, serum amyloid A (SAA) and C-reactive protein (CRP) are known to be major acute phase proteins that increase 10- to 100-fold respectively on stimulation, while haptoglobin (Hp) is considered a minor APP that increases by around 4 times \[[@r7], [@r9]\]. A stressful condition leads to excessive production of the radicals too, which results in oxidative stress \[[@r19]\]. Psychological stress due to road transportation elevates oxidative stress measured by serum total antioxidant capacity \[[@r31]\]. The plasma/serum ability to oppose the massive oxidative action of a hypochlorous acid solution is evaluated by means of the oxy-adsorbent test (Oxy-adsorbent), and a signiﬁcant component of the plasma/serum barrier to oxidation is thiol. Its function is to oppose the propagation step of peroxidative processes by inactivating either alkoxyl or hydroxyl radicals (SHp test).

On the basis of the above, the purpose of this study was to investigate the influence of road transportation on the changes of Hp, SAA, CRP, white blood cells (WBC), reactive oxygen metabolites (ROMs), the antioxidant barrier (Oxy-adsorbent) and thiol groups of plasma compounds (SHp) in order to identify useful biomarkers to improve the transportation conditions of dogs.

Materials and Methods {#s2}
=====================

The present study was carried out during the autumn season in Italy and involved a laboratory component and a veterinary clinic component at the Department of Veterinary Sciences, University of Messina. All treatments, housing and care of animals were reviewed and approved in accordance with the standards recommended by the US National Research Council's Guide for the Care and Use of Laboratory Animals as established by the Italian Ministry of Health and European Council Directive 2010/63/EU.

Twenty clinically healthy dogs (6--8 years old) of different breeds, including English setters (6), pointers (5), kurzhaars (5), and beagles (4), were used. All dogs were born and raised in Italy, where they were bred by private owners. Dogs were fed a high-quality commercial diet (Purina Pro Plan Adult, Nestle Italiana Spa, Milan, Italy) in accordance with their body condition score, as assessed by their owner. A full clinical history, including dietary regimens and average daily exercise, was obtained from each dog. All dogs underwent a full physical examination in order to exclude animals with injuries, swelling or any form of apparent diseases ([Table 1](#tbl_001){ref-type="table"}Table 1.Mean ± SD values for rectal temperature (RT), respiratory rate (RR), heart rate (HR), red blood cells (RBC), white blood cells (WBC), hemoglobin (HGB), hematocrit (HCT), platelets (PLT), aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea, creatinine and total proteins, expressed in their conventional units of measurement, obtained from the 20 healthy dogs used in present study (with reference ranges)ParametersMean ± SDRange \[18\]RT (°C)38.40 ± 0.1438.3--38.7RR (breaths/min)22.00 ± 3.0010--30HR (beats/min)80.00 ± 7.1460--180RBC (M/*µ*l)6.85 ± 0.805.5--7.9WBC(K/ *µ*l)11.60 ± 1.356--16HGB (g/dl)14.44 ± 1.0212--18HCT (%)42.11 ± 2.8237--55PLT (K/*µ*l)332.00 ± 43.04240--400AST (U/l)37.00 ± 12.0023--66ALT (U/l)82.00 ± 23.0021--102Urea (mmol/l)2.64 ± 0.781.67--3.33Creatinine (*μ*mol/l)83.35 ± 8.5544.2--132.6Total proteins (g/dl)6.64 ± 0.355.4--7.1).

Ten dogs were transported a distance of about 230 km within 3 h with an average speed of 80 km/h (experimental group) and ten dogs were not subjected to road transportation (control group). All dogs of the experimental group (Group A) had previous experiences of road transportation; however, one week prior to the start of the study, the dogs were loaded into a van and then unloaded to ensure that all would enter the van without hesitation. The road transportation started at 10:00 h and lasted for 3 h, and it involved a combination of road surfaces ranging from small country lanes (5 km) and secondary roads (50 km) to motorways (175 km). All dogs were transported into crates large enough to permit the animal to lie down.

Blood, collected from each dog via cephalic venepuncture by means of a 20 G needle connected to a 5 ml syringe, was transferred into two different types of venous blood collection tubes (Terumo Corporation, Tokyo, Japan): with no additive and containing ethylenediaminetetraacetic acid (EDTA). The serum samples obtained after centrifugation of tubes without additive were stored for 20 days at −80°C before all measurements. Dogs were restrained gently with a halter during blood collection. For all samples collected before road transportation at 09:30 (T0), after 3 h of road transportation (T1), and more than 6 (T6) and 24 (T24) hours after road transportation, Hp, SAA, CRP, WBC, ROMs, Oxy-adsorbent and SHp were assessed. Collection of samples in all subjects (transported and untransported animals) was performed at the same time. In fact, the sampling times were equal in order to exclude modifications not related to transport stress.

Serum concentrations of Hp were determined by use of the hemoglobin-binding method using a commercial kit (Tridelta Development Limited, Kildare, Ireland) and an automated biochemistry analyzer (Cobas Mira Plus multiparametric autoanalyzer, ABX Diagnostics, Montpellier, France). Concentrations of SAA were determined by use of a solid-phase sandwich enzyme-linked immunosorbent assay (ELISA) using a commercial kit (Tridelta Development Limited, Kildare, Ireland). The ELISA was designed for use in determining concentrations of SAA in different animal species such as dogs. Final absorbance of samples was measured by use of a microtiter plate reader at 450 nm. Both methods were validated in the authors' laboratory for canine serum \[[@r22]\]. A solid-phase sandwich immunoassay specific for canine CRP (Tridelta Development Limited, Kildare, Ireland) was used in accordance with directions provided by the manufacturer. Final absorbance of samples was measured by use of a microtiter plate reader (PowerWave XS, Bio Tek Instruments Inc., Winooski, VT, USA) at 450 nm. This method was validated in the authors' laboratory for canine serum \[[@r22]\]. The WBC count was assessed in blood samples containing EDTA using a multiparametric automatic analyzer (HecoVet, SEAC, Florence, Italy).

For evaluation of oxidative stress parameters, blood samples were centrifuged (ALC 4235 A Milan, Italy) at 3,000 g × 20 min. The obtained serum was immediately analyzed by means of an ultraviolet spectrophotometer (model Slim SEAC, Florence, Italy), and ROMs, Oxy-adsorbent and SHp were evaluated. These techniques are based on the "spin traps" system, in which molecules react with free radicals, creating complexes revealed by spectrophotometry. The dROMs test is a colorimetric test that assesses the levels of hydroperoxides (R-OOH), the "markers" and "amplifiers" of tissue damage generated by peroxidation of lipids, amino acids, proteins, and nucleic acids. In this test, these molecules, after reaction with a properly buffered chromogen, develop a colored derivative, which is photometrically detected. The concentration of ROMs, which directly parallels changes in color intensity, is expressed in Carratelli Units (1 CARR U=0.08 mg% hydrogen peroxide). Increased values directly correlate with increased levels of oxidative stress. The oxy-adsorbent test evaluates the ability of plasma to oppose the massive oxidant action of an excess of hypochlorous acid in water solution by assessing photometrically the residual unreacted radicals of the acid. Decreased values directly correlate with the injury severity of the "plasma barrier due to oxidation". When the "excess" of radicals of hypochlorous acid after massive oxidation is high, the plasma barrier is reduced and vice versa. The SHp test is a colorimetric determination of the plasma/serum thiol antioxidant barrier, which opposes peroxidative processes inhibiting both alkoxyl and hydroxyl radicals. This test is based on the ability of thiol groups to develop a colored complex when reacted with DTNB (5,5-dithiobis-2-nitrobenzoic acid). The "titer" of thiols directly parallels color intensity. Decreased values directly correlate with a lower efficacy of the thiol antioxidant barrier.

All samples were analyzed in duplicate by the same operator. The samples exhibited parallel 98 displacement to the standard curve. The overall intra-assay coefficient of variation was\<5%.

All results were expressed as the mean ± standard deviation (SD). Data were normally distributed (*P*\<0.05, Kolmogorov-Smirnov test). The GLM (general linear model) Repeated Measures procedure was used to determine the differences between the experimental and control groups, and the statistically significant effect of sampling time (before transport, after transport, and after recovery period). Values of *P*\<0.05 were considered statistically significant. Duncan's multiple range test was applied for post hoc comparisons.

Results {#s3}
=======

Application of the GLM revealed a significant differences between Groups A and B (*P*\<0.0001) on Hp, SAA, CRP, WBC, ROMs, Oxy-adsorbent and SHp and for the influence of sampling time (*P*\<0.0001) on Hp, SAA, CRP, WBC, ROMs and Oxy-adsorbent in Group A. Particularly, the Hp and SAA values showed a statistically significant increase at T1 with respect to T0, T6 and T24, whereas the CRP and WBC values showed a statistically significant increase at T1 and T6 with respect to T0 and T24. Also, the ROMs values were statistically increased at T1 and T6 with respect to T0 and T24, and SHp increased gradually, with significant values at T24 with respect to T0.

[Figures 1](#fig_001){ref-type="fig"}Fig. 1.The patterns of the mean values (±SD) of haptoglobin (Hp), serum amyloid A (SAA), C-reactive protein (CRP), and white blood cells (WBC) together with the statistical significances obtained in Group A (dogs subjected to transportation) and in Group B (dogs not subjected to transportation) during the experimental period (T0, before the transportation; T1, immediately after 3 hours of transportation; T6, more than 6 hours after the end of transportation; T24, more than 24 hours after the end of transportation). and [2](#fig_002){ref-type="fig"}Fig. 2.The patterns of the mean values (±SD) reactive oxygen metabolites (ROMs), antioxidant barrier (Oxy-adsorbent), and thiol groups of plasma compounds (SHp) together with the statistical significances obtained in Group A (dogs subjected to transportation) and in Group B (dogs not subjected to transportation) during the experimental period (T0, before the transportation; T1, immediately after 3 hours of transportation; T6, more than 6 hours after the end of transportation; T24, more than 24 hours after the end of transportation). show average values for all studied parameters, expressed in conventional units of measurement with SD, measured during the experimental period in the dogs.

Discussion {#s4}
==========

The analysis of the results obtained in the present study indicated that there was an influence of road transportation on the studied APPs and on antioxidant mechanisms in the dogs.

As shown in [Fig. 1](#fig_001){ref-type="fig"}, the Hp, SAA and CRP concentrations showed a high increase after road transportation, together WBC values, with the increase maintained after 6 h and a subsequent decline during the recovery period. Although SAA and CRP are known to be major APPs in the dog and Hp is considered a minor APP, all parameters showed this increase. Our results are in agreement with those of some researchers who emphasized the role of APPs not only in inflammation but also under some conditions such as road transportation, which can be highly stressful and compromise the animal's welfare \[[@r6], [@r14], [@r29]\]. So, the significant increase of Hp, SAA and CRP during the experimental period might not be associated with pathological conditions but could be due to a physical "stress" resulting in numerous cellular changes that occur after transportation.

Regarding the WBCs values, since APPs have bacteriostatic and immunomodulatory effects \[[@r8]\], the changes in WBCs could represent an initial immune system's response linked to the increase in the studied APPs. The simultaneous changes in APPs and WBCs could just be the result of cortisol release, as steroids are known to affect leukocytes and have a permissive effect on hepatic APP synthesis \[[@r8]\]. As previously demonstrated, the WBC number changes in response to transport stress \[[@r32]\], and the changes are associated with an increase in neutrophils and a decrease in lymphocytes \[[@r13], [@r18]\].

Moreover, the pattern of oxidative parameters, characterized by a significant increase after transportation, is in agreement with the findings of other researchers who reported that external stress factors can lead to increased generation of free radicals and other reactive oxygen \[[@r18]\]. In fact, as previously demonstrated in dromedaries, higher concentrations of oxidative status biomarkers after transportation may be explained by higher levels of glucocorticoids and adrenaline-induced pathways of aerobic energy production associated with stress, which generate reactive oxygen metabolites \[[@r26]\]. In fact, when animals are subjected to stressful conditions, such as road transportation, the hypothalamic-pituitary-adrenal axis is active, and glucocorticoids are released from the adrenal cortex \[[@r21]\]. Moreover, transportation induced changes in the oxidant/antioxidant equilibrium that could be essentially due to increased mitochondrial electron transport within muscle cells. Endogenous and exogenous antioxidants counterbalance the oxidative processes and so maintain the oxidant/antioxidant equilibrium \[[@r20]\].

In conclusion, the obtained results showed that road transportation has an important impact on the influence of the oxidant-antioxidant balance and APPs in the dog. The responses of APPs and changes in oxidative parameters represent a reaction in which the physiological and homeostatic mechanisms are modified differently at various sampling times confirming the complexity of variations due to road transportation. So, these findings concerning the studied parameters should be of concern for the health and welfare of dogs.
